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(57) Abstract: A method is disclosed for searching through a variable stride level compressed search tree the nodes of which are 
represented by records in a memory. The stride length (402, 404) to be used in advancing to a certain lower level from a certain node 
in the search tree is read from the record (502, 601, 603) that represented said node. A method is also disclosed for constructing a 
variable stride level compressed search tree the nodes of which are represented by records in a memory. The construction method 
comprises the step of storing the stride length (402, 404) to be used in advancing to a certain lower level from a certain node in the 
search tree into the record that represents said node. Additionally there are disclosed a device and a router for implementing the 
searching and construction methods. 
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A method and arrangement for constructing, maintaining and using lookup 
tables for packet routing 



The invention coBcems generally the technology of routing packets through a 
5 packet-switched data network Especially iJie invention concerns the technology of 
constructing, maintaining and using lookup tables for the routing task so that Ihe 
number of memoiy accesses and the amount of required memory are as small as 
possible. 

Figs. 1 and 2 illustrate schematically some aspects of the known task of routing a 
10 data packet 101 from a sender node 102 to a recipient node 103 (or sender sub- 
network to recipient sub-network) through a packet-switched data network 100 
consisting of a number of interconnected routers. For the sake of simplicity only 
routers 104, 105, 106 and 107 are shown in Fig. 1; practical packet-switched data 
networks may comprise lliousands of routers. Fig. 2 shows schematically a router 
15 104 with a number of input ports 201, 202 and 203, a number of output ports 211, 
212 and 213, a cross-connecting block 220 capable of coupling a packet from an 
arbitrary input port to any of the output ports, a control block 221 arranged to 
control the cross-connecting functionality of block 220 and a memory 222 coupled 
to the control block. In practice a router does not comprise physically separate 
20 connections for the iiq>ut ports and output ports; Fig« 2 only serves to illustrate the 
concept of connecting between ports. 

The data packet 101 comprises, in a destination address or DA field (not separately 
shown in Fig. 1), a destination address of the recipient node 103. The destination 
address consists of a network prefix and a host identifier. The router 104 maintains, 

25 in the memoiy block 222, a look-up table (not separately shown in Fig. 2) where 
recipient addresses are associated with output port identifiers. The network prefix of 
the recipient node 103 appears in the lookup table together with the identifier of thac 
one of the oulput ports 211, 212 or 213 into which aU packets to that recipient 
should be coupled in order to correctiy pass them along on their way from the 

30 sender to the recipient When a packet comes into the router 104 through one of the 
input ports 201, 202 or 203, the control block 221 reads tihe destination address 
from the packet and uses it as a search key to find the corresponding output port 
identifier from the memory 222. It gives the output port identifier it found to the 
cross-connecting block 220 as a cross-connecting instruction so that the latter is able 
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to take tbe packet and couple it into the conect output port. The output port 
identifier is also known as the next-hop. 

The routing arrangement should be optimized regarding both speed and memory 
consumption. A specific feature of the IP or Internet Protocol, which at the priority 
5 date of this patent appUcation constitutes the most important fi^mework for routing 
applications, is that the length of the DA field is fixed but the length of the network 
prefix is not, and the search algorithm must find the longest possible match in the 
look-up table. Several known approaches exist for devising the necessary algorithms 
for constracting, maintaining and using the look-up table. La this patent application 
10 we concentrate on level compressed (LC) search tree approaches. 

Figs. 3a, 3b and 3c illustrate the search for five given variable length addresses in a 
binary tree (Fig. 3a), an LC tree with 3 levels (Fig. 3b) and an LC tree with 2 levels 
(Fig. 3c). In each tree the exemplary addresses 00, 0101, 111000, 111010 and 1111 
should be found. Searching begros at the root of the tree and follows the nodes 

15 downwards until a (longest) match is found. In the binary tree of Fig. 3a the search 
for address 00 terminates at node 301, the search for address 0101 at node 302, the 
search for address 111000 at node 303, the search for address 111010 at node 30^1 
and the search for node 1111 at node 305. In Fig. 3b the corresponding terminating 
nodes are 311, 312, 313, 314 and 315. In the two-level LC tree of Fig. 3c sevei^ 

20 terminating nodes give a match for those addresses where the number of bits is not a 
multiple of 3. Nodes 321a and 321b match address 00, nodes 322a, 322b, 322c and 
322d match address 0101, node 323 matches address 111000, node 324 matches 
address 111010 and nodes 325a, 325b, 325c and 325d match address 1111. 

Binary trees are ineffective for searclung because the number of levels in the tree 
25 correlates directly with the number of memory accesses required to perform a 
search; a large number of memory accesses means slowness in performance. Level 
compressing decreases the number of required memory accesses but increases the 
number of matching nodes in the search tree, which correlates more or less directly 
with the required amount of memory. Note that dashed-line nodes in Figs. 3 a, 3b 
30 and 3c do not refer to validly stored routing information. 

The number of bits that are considered in looking for the next matching node in a 
search tree is known as the stride. The trees in Figs. 3a, 3b and 3c aU apply a 
constant stride, which is 1 for Fig. 3a, 2 for Fig. 3b and 3 for Fig. 3c. Fig. 3d shows 
how the known principle of variable stride can be applied to limit the number of 
35 matching nodes. In the subtree on the left under node 330 we either have to use 
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Stride 3 as in Fig. 3d or accept the cost of increasing the number of levels in the tree. 
However, in the subtree on the right under node 33 1 we may apply stride 1 instead 
of 3, which cuts down the number of nodes matching address 0101 from four to one 
(node 322). 

5 Using variable stride means that the task of constracting and maintaining search 
trees become more complex. The length of the stride needs to be stored in memory 
separately for each branch. Reading the stride length firom its storage location 
requires a separate memory access, which tends to slow down the search and make 
the known variable stride techniques unattractive for fast routing purposes. ' 

10 It is an object of the invention to provide a method and an arrangement for 
constructing, maintaining and using look-up tables quickly and effectively for 
routing purposes. It is a further object of the invention that the method and 
arrangement are relatively easy to implement and easily scalable to different sizes of 
look-up tables. It is an additional object of Ihe invention that the method and 

IS arrangement are not heavily device dependent 

The objects of the invention are achieved by using variable stride length in a look- 
up table and placing the stride length of a branch into a same memory entry with 
other information concerning the branch. 

The melhod according to the invration for searching through a variable stride level 
20 compressed search tree the nodes of which are represented by records in a memory 
is characterized in that the stride length to be used in advancing to a certain lower 
level from a certain node in the search tree is read from the record that represented 
said node. 

The method according to the invention for constructing a variable stride level 
25 compressed search tree the nodes of which are represented by records in a memory 
is characterized in that it comprises the step of storing the stride length to be used in 
advancing to a certain lower level from a certain node in the search tree into the 
record that represents said node. 

The invention applies also to a device for searching tiurough a variable stride level 
30 compressed search tree, comprising a memory and, stored within the memory, 
records that represent the nodes of the search tree. The device accordiag to the 
invention is characterized in that the memory comprises within at least a number of 
the stored records an integral part of the record that indicates a stride length to be 
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used in advancing to a certain lower level from a certain node in the search tree 
represented by the record. 

AdditionaEy the invention applies to a router for constructing and using a search 
tree for retrieving pieces of routing information concerning the further treatment of 
5 data packets on the basis of pieces of address information contained within the 
packets, comprising 

- a microprocessor 

- a bus coupled to said microprocessor, 

- a search tree module coupled to said bus, 

10 - within the search tree module a memory circuit; 

the router according to the invention is characterized in that the microprocessor is 
arranged to 

a) group the pieces of routing information into subtree lists so that within each 
subtree list the pieces of routing raformation share a number of equally valued most 

15 significant bits, 

b) represent the equally valued most significant bits of the pieces of routing 
information within a subtree list with an inner node of the search tree to be 
constructed, 

c) select a stride length to be applied in advancing to the next lower level from the 
20 umer node and 

d) place the pieces of routing information within tiie subtree list into a subtree und^ 
the inner node, the number of branches in the subtree being determined by the 
selected stride length; 

and that the microprocessor is ftirther arranged to store the selected stride length in 
25 the form of an indicator value into the record that represents the inner node within 
the memory circuit 

According to the invention the look*iq) table where next-hops are to be found 
consists of a relatively limited number of subtables or logically separate entities 
which correspond to the levels of a variable stride level compressed (VSLC) search 

30 tree. A fixed stride, i.e. a fixed number of bits from a piece of address informatioii 
in a packet, is used on the higjiest level as a pointer to a certain memory location 
within a first subtable. This memory location contains either a next-hop or a pointei* 
to a second subtable, which is a memory block on the next lower level. Additionally 
the memory location contains an identifier that indicates the contents of the memory 

35 location to be either a next-hop or a pointer to the next lower level. If the contents 
of the memory location are identified as a pointer, the value of the identifier also 
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tells the stride length to be applied on the next lower level. The stride length is the 
number of additional bits that have to be taken from the piece of address 
information in ord^ to jSnd a memory location witibdn the memory block pointed at 
by tiie pointer. This new memoiy location may again contain either a next-hop or a 
5 pointer to a memory block (with the associated stride length information) on tiie 
next, even lower level. The chain of pointers is followed, with more additional bits 
taken every time from the piece of address information, imtil a next-hop is found, j 

A given Ust of mappings between network addresses and next-hops may be 
implemented in a nmnber of mntoally alternative search trees, when variable stride 

10 lengths are used. Constructing and maintaiiung an optimal look-up table involves 
experimenting witii different stride lengths, giving rise to different subtree 
stractures, imtil a solution with optimal properties is found. The optimization 
algorithm may be weighted to always give tiie minirmim achievable number of 
levels, to always give the minimum achievable number of leaves in the search tree, 

15 or to compromise between these two objectives according to some predetermined 
rules. 

According to an advantageous embodiment of the invention the look-up table 
construction algorithm is recursive so that it constructs and optimizes all subtrees 
under a certain parent node, calling itself again at each child of the parent node, 
20 before moving on ia the search tree structure. For each subtree the algorithm tries all 
allowable stride lengths and selects the one which enables the construction of a 
most optimal subtree. For example, if the search tree structure is to be optimized for 
the minimum memory consumption, the construction algorithm returns the subtree 
(and the associated stride length) with the minimum number of leaves. 

25 An advantageous hardware implementation of the invention reHes on tiie use of 
static random access memories or SRAMs or other applicable memory devices 
where the actual next-hops and pointers are stored. A piece of address information 
is first read into an input register firom which a fixed number of most significant bits 
are directiy taken as a memory address to a first memory device. The contents fi^om 

30 the m^ory location pointed at by said memoiy address are taken into a controller 
which mvestigates Ihe identifier contained therein to decide, whether the rest of the 
contents should be interpreted as a pointer or a next-hop. The controller either 
directs the rest of Ihe contents into an output register or takes a number of additional 
bits from the input register, adds them to the rest of the icontents firom the first 

35 memoiy location and uses the result as a memory address to a second memor}^ 
device, which physically may be the same as the first memory device or anothd: 
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memoiy device. Pipelining Hie operations, using different memoiy devices, typically 
results in improved performance. 

The novel features which are considered as characteristic of the invention are set 
forth in particular in the appended claims. The invention itself, however, both as to 
5 its construction and its method of operation, together with additional objects and 
advantages thereof^ will be best understood from the following description of 
specific embodiments when read in connection with the accompanying drawings. 

Fig. 1 illustrates a known network arrangement, 

Fig. 2 illustrates schematically the known operation of a router, 

10 Figs. 3a to 3d illustrate known search tree structures, \ 

Figs. 4a to 4d illustrate advantageous uses of a record according to an embodiment 
of the invention. 

Fig. 5 illustrates the application of an embodiment of the invention to an 

exemplary search, 

15 Fig. 6 illustrates the application of an embodiment of the invention to 

another exemplary search. 

Fig. 7 illustrates a method according to an embodiment of the hivention. 

Fig. 8 illustrates an anangement according to an onbodiment of the 

invention, 

20 Fig. 9 illustrates a detail of the arrangement in Fig, 8 and 

i 

Fig. 10 illustrates a method accordmg to another embodiment of the 
inventionu 

Search trees are most advantageously implemented so that each node (where "node'' 
means both the inner nodes and the leaves of the tree) is represented by a record in a 
25 memory. A record is the smallest logical unit in a memory that can be unequivocally 
pointed at through a memory address. If the memory is physically thou^ to consist 
of separate memory locations, a record is exactly large enough to fill a memory 
location. 
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la routing applications the piece of infomation ultimately looked for is a n^-hop. 
A record in the search tree stnicture of a look-up table comprises either a neict-hop, 
in which case the record represents a leaf of the search tree, or a pointer to soine 
further memory location. In the latter case the record represents an inner node of the 
S search tree. 

According to the invention a record which comprises a pointer may also comprise 
iDfoimation regarding the stride length that should be applied when the search 
advances by following the pointer to the further memory location. Fig. 4a illustrates 
a record 400 which consists of three fields: a part field 401, a stride field 402 and a 
10 pointer or next-hop field 403. The value in the part field 401 indicates whether the 
record represents a part of a route through the search tree, ie. an inner node, or 
whether it represents a leaf If the record represents a part of a route, the value in the 
stride field 402 indicates the stride lengdi that should be applied when the search 
advances. The third field 403 comprises either a pointer or a next-hop. 

IS Fig. 4b illustrates a generalization of the record of Fig. 4a. Here the record 400 is of 
the same size as in Fig. 4a, but the part and stride fields have been replaced witii a 
common record identifier field 404. A value in this field may be used for both of 
those purposes which were given above to the part and stride fields. The 
generalization is advantageous because it may help to keep the length of the field(s) 

20 other than the pointer or next-hop field 403 short, thus saving bits to "payload" use:. 
As an example we may consider a situation wbere there are three possible stride 
lengths. If the part and stride fields are independent of each other (as in Fig. 4a), at 
least one bit is needed for the part field and at least two for the stride field. 
However, taken the record of Fig. 4b we may make the following definitions for the 

25 common record identifier field 404: 



Table 1 



field value 


meaning 


00 


record contains a next-hop 


01 


record contains a pointer, first predefined stride length 


10 


record contains a pointer, second predefined stride lengdi 


11 


record contains a pointer, third predefined stride length 



) 

This way only two bits are required for the same indications as above. 
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Some records may not need to comprise the stride length information at all. Fig. 4c 
illustrates a record 400 that comprises only the part field and a pointer or next-hop 
field 405 wMcli is now slightly longer thaa tiiat of Figs. 4a and 4b. Examples of 
records where the stride length information is not needed are those tiiat represent 
5 leaves (the value in the part field 401 tells that the record represents a leaf) or those 
that belong to such a level in the search tree where the next appHcable stride length 
is constant for some reason or another. 

If the maximum number of levels in the search tree is fixed and the search algorithm 
is able to track the number of levels it has advanced through, the records that 
10 represent nodes on the lowest level need not comprise part or stride information at 
all: all nodes on the lowest level are leaves and the search won't advance further. 
Fig. 4d illustrates a record 400 which consists of a single long next-hop field 406. 

Next we will describe an exemplary search according to an embodiment of the 
invention vnth reference to Fig. 5. A destination address 501 has been read from a 

15 packet. In Fig. 5 the bits of the destination address appear in a column with the most 
significant bit (MSB) at the top. As an example we may think that the destination 
address 501 is an Pv4 (Ihtemet Protocol version 4) address so that it consists of 32 
bits, numbered firom 31 to 0 with the MSB first In the destination address 501 
shown in Fig. 5, bits 31-8 constitute a network identifier and bits 7-0 constitute a 

20 host identifier. 

Fixed stride length N, here 16, is used at level 0 which is the highest level in the 
search tree. The N most significant bits, here bits DA[3 1-16], are extracted firom the 
destination address 501 and used as a memory address to identify a first memory 
location 502. A record of the type shown in Fig. 4b is read firom the first memorj^ 
25 location 502. A value "11" appears in the common record identifier field. Here we 
assume that the definitions given in Table 1 apply, with 8 bits as the third 
predefined stride length. The pointer PO is therefore read from the pointer or next- 
hop field of the record, and eight additional bits (here bits DA[15-8]) are taken from 
the destination address 501. 

30 The pointer PO and the additional bits are used together at level 1 which is the next 
lower level in the search tree. The pointer PO as such identifies a memory block 503 
which contains as many memory locations that can be separately identified with as 
many bits as there are in flie stride. Here die stride lengfli is 8, so memory block 503 
contains 256 memory locations. Of these, the eight additional bits extracted from 

35 the destination address 501 point at a certain single memory location 504. A simple 
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way to implement llie combined use of tlie pointer PO and the additional bits 
DA[lS-8] is to make flie pointer PO give the address of the memory location at the 
beginning of Hig blocl^ so that I3ie address of the memory location 504 is obtained 
simply by smmning the value of the pointer PO and flie additional bits DA[15-8]. 

5 In Fig. 5 the value "00'' appears in the common record identifier field of the record 
read from memory location 504, According to Table 1, this means that the record 
contains a next-hop and the search has terminated. The search algorithm returns the 
next-hop N-H 1 as the result of the search. 

Fig. 6 illustrates an exemplary search through a search tree Avith three levels. Now 
10 we assume that the definitions of Table 1 apply so that the first predetermined stride 
length is three and the second predetermined stride length is five. At level 0 a fixed 
stride length of 16 bits is applied, and exactly as in Fig. 5 a first memory location 
601 is identified and a record is read therefrom. This time the coimnon record 
identifier field has a value "Or\ which means that the record contains a pointer and 
15 that three additional bits should ne extracted from the destination address 501. M 
level 1 the pointer PO points at the begmnmg of a memory block 602 which now 
contains only eight memoiy locations, since the current stride (3 bits) only allows 
for eight memory locations to be unambiguously identified. Adding the bits DA[15- 
13] to the value of the pointer PO identifies a second memoiy location 603, from 
20 which another record is read. 

This time the value of the common record identifier field is "10", meaning that also 
this record contains a pointer (designated as pointer PI) and that five additional bits 
should ne extracted from the destination address 501; stride length is five. At level 2 
the pointer PI points at the beginning of a memory block 604 which contains only 
25 32 memoiy locations. Adding the bits DA[12-8] to the value of the pointer PI 
identifies a third memoiy location 605. 

In Fig. 6 we have assumed that level 2 is the lowest possible level in the search tree. 
Therefore the record read from the third memory location 605 is of the type shown 
in Fig. 4d: it only contains a next-hop without any pari; stride or common record 
30 identifier fields. The search algorithm returns the next-hop N-H 2 as the result of the 
search. 

Next we will address the task of constructing the search tree so that it can be used in 
the manner described above. We designate the destination addresses or parts thereof 
that should be placed into the search tree as routes for short lii Fig. 7, after 
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beguming at step 701, the fixed stride length of the hig^hest level is taken at step 
702. The constraction algoiillim groups llie routes into subtree lists so that all those 
routes come onto the same subtree list which are equal by as many most significant 
bits as the stride length indicates; Previously we assumed that the fixed stdde length 
5 of the hi^est level is 16, so the loop consisting of steps 703, 704, 705 and 706 
returns a maximum of 65536 subtree lists where each subtree list is characterized by 
the 16 most significant bits of all routes therein being the same. 

The idea of the exemplary construction algorithm shown in Fig. 7 is to take one 
subtree at a time and to find an optimal form for it in terms of mininmni memory 

10 consumption. Within each subtree the branches thereof are further treated as sub- 
subtrees which are optimized one by one. At step 707 the algorithm takes a certain 
k:th subtree, and at step 708 it takes a certain p:th stride. In order to examine, 
whether the subtree under construction will need still lower levels, the algorithm 
subtracts the stride length fi-om all routes of the subtree at step 709. If longer routes 

15 are found at step 710, the construction algorithm calls itself which means going 
down one level at step 711, composing new route lists fi:om those routes that were 
too long to fit on tiie previous level at step 712 and returning to step 707. If no 
longer routes are found at step 710, the constmction algorithm constructs the 
subtree with the stride selected at step 708 and returns its size. In order to find the 

20 subtree structure with minimum size, all allowable strides are experimented with by 
jumping back firom step 714 through the stride index incrementing step 715 to step 
708 until all allowable strides have been tried. 

A typical search tree construction algorithm ensures that no node in the tree will 
become simultaneously an mner node and a leaf. Ja other words, it is typically not - 
25 adnodssible that e.g. with a stride length 3, there would be a directiy matching route 
111 (a leaf) and under it a finther subtree for matching routes like 111001 or 
111010. Several approaches may be used to avoid such situations. 

A first alternative approach is to avoid cases of the above-mentioned kind by 
choosing either a shorter or longer stride: for example the algorithm might choose 
30 first a stride lengtii 2 (if available), resulting an inner node for a bit pattern 1 1, and 
after that some other stride length which would make a difference between the 
routes. Or the algorithm might choose a longer stride like 6, reducing the need for 
additional levels but increasing the number of leaves. 

A second alternative approach is to use the empty leaves in the subtree under a 
35 matching node to store the next-hop for the route that actually matches the root node 

i 
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of fhe subtree. If we take our examples of matching routes 111, 111001 and 111010, 
a stride lengtb 3 would bring us to the root node 111. This node would not in this 
approach contain liie next-bop but a pointer to the next lowtr level. Taken that 
stride lengdi 3 is applied also on that level, of the eigfht leaves in the subtree the 
5 leaves 001 and 010 contain the n^-hops for the matclung routes 111001 and 
111010 respectively and all other leaves contain the next-hop for the matching route 
111. 

The smallest subtree is selected and the others are discarded at step 716, At step 717 
the construction algorithm checks whether such nodes still exist that are siblings to 

10 the root of the finished subtree and could become subtree roots themselves. 
Ihcr^enting the subtree index k at step 718 means selecting the next subtree on.tiie 
same level for construction and optimization. At step 717 the algorithm eventually 
finds that all subtrees of a certain level have been constructed, so a check is made at 
step 719 whether there are still untreated branches starting fi:om the next higher 

15 level. A positive finding leads iato going up one level at step 720 and incrementing 
the subtree, index k of that level at step 718 before starting the actual subtree 
construction firom step 707. A negative finding at step 719 means that the whole 
search tree is complete and the construction algorithm terminates at step 721. 

If other optimization criteria are to be taken into account than just the size of a 
20 subtree, these are easily added into the check illustrated as step 716 ia Fig. 7. The 
search tree construction algorithm always selects at step 716 that subtree that 
matches best a predetermined set of optimization criteria. 

Maintaining a search tree means that when a route is removed or a new route is 
added, in addition to the actual storing or deleting of a piece of routing information 

25 a check must be made whether the optimalily of a previously constructed search tree 
still holds. Re-optimization does not need to cover the whole search tree. It suffices 
to re-optimize from the leaf which was affected by the change upwards to that 
subtree level where the re-optimization does not change a previously selected strid^ 
length. In all cases it is certain that not more that that subtree needs to be re- 

30 optimized the root of which is at the highest level and the domain of which was 
affected by the change. 

hi order to find the optimal search tree with all its optimized subtrees the 
construction algorithm must make a considerable number of trial and error rounds 
with different stride lengths. Increasing the number of allowable stride lengths and 
35 the maximum number of levels in the search tree increases the possibilities of 
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finding an ultimately optimized tree stnictore, but simultaneously it tends to add 
exponentially the computational requirements for constructing tiie search tree. The 
designer of the algorithm must make a compromise in selecting the number of 
allowable stride lengths and tiie maximum number of levels so tiiat on one hand the 
5 search tree becomes optimal enough for performing adequately ^t searches in an 
adequately small memory space, and on the otiier hand the task of constructing and 
maintaining the search tree does not reserve a prohibitively large portion of the 
available processing time. 1 

Next we will discuss an advantageous hardware implementation of an embodiment 
10 of the invention. Fig. 8 is a schematic block diagram where a routing processor 801 
has a bus 802 for connnunicating with a search tree module 803. The latter 
comprises a first SRAM memory 804, a second SRAM memory 805 and a logic 
block 806. Bidirectional three-state buffers couple these blocks fo the processor bus 
802 so that the first SRAM memory 804 is coupled to the bus through a first buffer 
15 814, the second SRAM memory 805 is coupled to the bus through a second buffer 
815 and flie logic block 806 is coupled to the bus through a third buffer 816. 
Typically tiie processor bus comprises a data bus and an address bus, although these 
are not separately shown in Fig. 8. 

Fig. 9 is a more detailed view of the contents of the logic block 806. The data bus 
20 802a is coupled to the input of an input register 901, and the address bus 802b is 
coupled to the input of an address decoder 902. The outputs of the input register 90i 
are coupled both to the first SRAM memory (not shown in Fig. 9) and to a shifter 

903. From the first and second SRAM memories there are couplings to a controller 

904, an output of which is coupled to tiie shifter 903. The output of the shifter 903 
25 is coupled to the second SRAM memory (not shown in Fig. 9). A furfher output 

firom the controller 904 is coupled to the input of an output register 905, the output 
of which is coupled to the data bus. A logic block of lids kind is most 
advantageously implemented as an ASIC or application specific integrated circuit, 
but also certain programmable logical gate arrays may be used especially for testing 
30 and prototyping. 

The direct couplings between the processor bus 802 and the SRAM memories 804 
and 805 enable the processor 801 to transparentiy access the look-up tables stored hi 
the memories. Jn general, tiie search tree module 803 has two functional modes, 
namely a search mode and an update mode. Searching means that the processor 801 
35 gives a piece of address information taken firom a data packet and expects to receive 
the appropriate output port number in return. Updating means that the procesSftr 
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uses said transparent access to change the contents of the look-up table. Routing 
must be halted for the duration of updating. Basically it would be possible to 
provide an embodiment of the invention where the update mode would concern only 
a part of the look-up table (note the previously mentioned need to only re-optimize a 
5 maximum of one subtree of the higfhest level) so that routing to those addresses that 
appear in other parts of the look-iq) table could continue. However, such an 
embodiment would require a rather complicated command architecture between the 
processor and the search tree module. 

In order to maximize functional ef&ciency it is advantageous if the choice between 
10 fimctional modes can be made without using a specific register to store information 
of the current mode. We propose that address decoding is used to implement such 
fimctionalily. The SRAM memories 804 and 805 have different addresses than the 
input and output registers of the logic block 806 (the latter two have most 
advantageously the same address so that a separately given read/write signal 
15 indicates, which register the processor wishes to point at). When an address given 
by the processor points at the input or output registers 901 or 905, the address 
decoder 902 interpretes it as a command for entering the search mode. If the 
processor points at the SRAM memories 804 or 805, the address decoder 902 
generates the proper chip select signals to set the search tree module into the update 
20 mode. 

The operation of the logic block 806 is described with reference to Fig. 10. When a 
packet or datagram arrives at an input buffer (not shown) of tiie processor 801, the 
header of the datagram is extracted and the processor sends the destination address 
or DA to the input register 901 by writing the DA onto the data bus 802a and th^ 
25 address of the input register 901 (together with a write signal) onto the address buq 
802b. The address decoder 902 notes the address of the input register 901 on the 
address bus and gives a chip select signal to the input register 901. This procedure 
constitutes the begmning step 1001 in Fig. 10. 

After a suitable time to allow the data bus to settle, e.g. after one clock cycle after 
30 receiving the address strobe signal, the input register 901 reads the contents of the 
data bus, i.e. the DA, at step 1002. Immediately thereafter is extracts as many most 
significant bits from the DA as the fixed stride length of the highest level detennines 
and uses them to point at step 1003 at the first SRAM memory 804 which contains 
the highest level (level 0) of the search tree. The controller 904 ymts for the 
35 memory circuit to react (e.g. 20 ns, if 12 ns SRAM is used) before reading the 
contents of the addressed memory location at step 1004. 
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At step 1005 the controller 904 decides, whetber the record read frora the memory 
location contained a next-hop or a pointer. In making the decision the controller 
uses some predejQned rule that concerns certain bit values of the record. Previously 
we discussed a case where a bit combination "00" at the most significant bits of the 
5 record indicated a next-hop and all other bit combinations indicated pointers 
associated with various stride lengths. The invention does not limit the selection of 
the role which is used: any combinations of any of the bits in the record can be 
used. 

If the record was found to contain a pointer, the whole record is sent to the shifter 
10 903 which also receives tiie original DA (or at least those bits thereof which were 
not used to point at the first ISRAM memory) firom the input regist^ 901. At step 
1006 the shifter reacts to those bits (previously designated as id bits) in the record 
that determine the applicable stride length. According to the value of said bits the 
shifter selects one of steps 1007, 1008 or 1009 and uses both the pointer firom the 
15 latest read record and the additional bits taken from the DA to compose a pointer to 
a memory location in the second SRAM memory. At step 1010 the shifter uses tibd^ 
new pointer to point at the second SRAM memory 805, where the rest of the search 
tree is stored. 

Reading the contents of a memory location in the second SRAM memory 805 takes 
20 place again after a suitable delay to allow the memory circuit to react to the 
addressing. Conceptually the process returns now to step 1004, although the record 
now comes to the controller 904 from the second memory circuit and not from the 
first one. Accordbg to step 1005 a check is again made to find out whether the new 
record contained a pointer or a next-hop. Finding a pointer causes a new round 
25 flurough steps 1006, one of 1007, 1008 or 1009, 1010 and back to 1004. This loop is 
repeated until at step 1005 the record is foimd to comprise a next-hop, which is sent 
to the output register at step 1011. At this time the search tree module 803 sends a 
hit signal to the processor 801, which then addresses the output register 905 to read 
the retrieved next-hop. 

30 It is not necessary to use exacdy two memory circuits in the hardware 
implementation. The whole search tree may be stored into one memory circuit, 
which case the output of tiie shifter 903 in Fig, 9 is coupled to tiie address input of 
the first (and only) SRAM memory like the output of the input register 901. It is 
also possible to have more than two memory circiuts for example so that every level 

35 of the search tree is stored into a memory circuit of its own. However, the second 
highest and the lower levels in the search tree become increasingly sparse compared 
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to the topmost level, so in most cases a single second memory circuit is enough to 
house all other levels than the highest one. Having at least two memory circuits 
allows the search operations to be pipelined. In other words, a new search in the 
first memory circuit may be started while the previous search still continues in the 
5 second memory circuit Additionally it must be noted that it is not imperative to use 
SRAM memories, although they represent the most advaatageous alternative at the 
priority date of this patent application in terms of speed and reliability. The 

invention may be applied regardless of the memory technology used. ^ 

< 

The invention has been described with references to packet addressing as defined in 
10 the Internet Protocol, especially IPv4. This should not be construed as a limitation 
to the applicability of the invention, because the invention is equally applicable to 
all such routing tasks where a piece of information concerning the further treatment 
of a packet must be rapidly retrieved when a piece of variable-length header 
information has been obtained firom the packet 

IS In the examples above we assumed tiiat the stride on a certain level is determined by 
mapping tiie id value fi:om the record of the previous level into a set of allowable 
stride lengths. However, especially when a separate stride field is used in the record 
(see Fig. 4a), it is possible to simply use a value in the stride field the absolute 
magnitude of which is equal to tiie number of the bits in flie stride. This approach 

20 has the drawback of possibly wasting bit positions in the record, because it is 
usually most advantageous to have only a limited number of allowable stride lengths 

which are more effectively indicated through a mapping scheme. [ 

f 

The separately described features of the invention are basically usable in all 
combinations unless e>q)licitiy oth^wise stated. 
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Claims 

1. A method for searching through a variable stride level compressed search tree 
the nodes of which are represented by records in a memory, characterized in that 
the stride length (402, 404) to be used in advancing to a certain lower level jfrom a 

5 certain node in the search tree is read from the record (502, 601, 603) that 
represented said node. 

2. A method according to claim 1» characterized in that, for retrieving a piece of 
information concerning the further treatment of a data packet on the basis of a piece 
of address information contained within the packet, it comprises the steps of 

10 a) addressing (1003) a first memory location (502, 601) with a first part of the 
address information (501), 

b) reading (1004) a first record fi:om the first memory location (502, 601), ; 

c) deciding (1005), whether the first record contains a piece of information 
conceioing the further treatment of the data packet or a pointer to a memory 

15 location, 

dl) as a response to a decision that the first record contains a piece of information 
concermng the further treatmmt of the data packet, returning (1011) this piece of 
information and 

d2) as a response to a decision that the first record contains a pointer to a memory 
20 location, taking a second part of the address information, combining (1007, 1008, 
1009) the pointer with the second part of the address information into a combination 
and addressing a second memory location with the combmation; 
wherein step d2) comprises the substep of deciding (1006) the size of tiie second 
part of the address information on the basis of a first indicator value read from the 
25 first record. 

3. A method according to claim 2, characterized in that step c) comprises the 
substep of reading said first indicator value (404) from the fibrst record and deciding, 
on the basis of said first indicator value, whether the first record contains a piece of 
information concerning the further treatment of the data packet or a pointer to a 

30 memory location. 

4. A method according to claim 2, characterized in that 

- step c) comprises the substep of reading a second indicator value (401) firom the 
first record and deciding, on the basis of said second indicator value, whether the 
first record contains a piece of information concerning the fiirther treatment of the 
35 data packet or a pointer to a memory location, and 
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- Step d2) comprises the substep of reading said jBrst indicator value (402) from the 
jSrst record. 

5. A method according to claim 2, characterized in that step d2) comprises the 
substep of deciding the size of the second part of the address information by 

5 mapping said first indicator value into a set of allowed sizes for the second part of 
the address information. 

6. A method according to claim 2, characterized in that step d2) comprises the 
substep of deciding the size of the second part of the address information by taking 
as many bits from the second part of the address information as the absolute 

10 magnitude of said first indicator value. 

7. A method for constructing a variable stride level compressed search tree the 
nodes of which are represented by records in a memory, characterized in that it 
comprises the step of storing the stride length (402, 404) to be used in advancing to 
a certain lower level firom a certain node in the search tree into the record that 

15 represents said node. 

8. A method according to claim 7, characterized in that, for constructing a 
search tree for retrieving pieces of routing information concerning the further 
treatment of data packets on the basis of pieces of address information contained 
within the packets, it comprises the steps of 

20 a) grouping (705) the pieces of routing information into subtree Usts so that within 
each subtree list the pieces of routing information share a number of equally valued 
most significant bits, 

b) representing ^(713) the equally valued most significant bits of the pieces of 
routing information within a subtree list with an imer node of the search tree to be 

25 constructed, j 

c) selecting (708) a stride length to be applied m advancing to tiie next low^* levej 
from the inn» node and 

d) placmg the pieces of routing information within the subtree list into a subtree 
under the inner node, the number of branches in the subtree being determined by the 

30 selected stride length; 

and that it additionally comprises the step of storing the selected stride length in the 
form of an indicator value (402, 404) into the record that represents the inner node. 

9. A method according to claim 8, characterized in that it coniprises the step of 
storing, into the record that represents the inner node, an indicator value (404) 
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which identifies llie inner node as an inner node and simultaneously indicates the 
selected stride length. 

10. A method according to claim 8, characterized in that it comprises the step of 
storing, into the record that represents the inner node, a first indicator value (401) 

5 which identifies the inner node as an inner node and a second indicator value (402) 
that indicates the selected stride length. 

11. A method according to claim 8, characterized in that steps c) and d) comprise 
the substeps of 

cl) selecting (708) a candidate stride length to be applied in advancing to the next 
10 lower level fi:om the inner node and 

dl) placing (713) the pieces of routing information within the subtree list into a 

subtree under the inner node, the number of branches in the subtree being 

determined by the selected candidate stride length; 

and that the method additionally comprises the steps of 
IS - repeating steps cl) and dl) for a number of different candidate stride lengths 

(715), 

- associating the canilidate stride lengtii used and a parameter value describing the 
consumption of resources with each subtree constructed in step dl), 

- selectitig (716) that subtree to be part of the constructed search tree for which the 
20 associated parameter value describes the smallest consmnption of resources and 

- storing the candidate stride length associated with the selected subtree into the 
record that represents the inner node. 

12. A method according to claim 1 1, characterized in that it conqdses the step of 
recursively repeating (711, 712, 718, 720) the steps of claim 11 for all branches of 

25 the subtree under the inner node. 

13. A device for searching througji a liable stride level compressed search tree, 
comprising a memory (804, 805) and, stored within the memory, records (400) that ' 
represent the nodes of the search tree, characterized in that the memory comprises 
within at least a number of the stored records an integral part (402, 404) of the 

30 record that indicates a stride length to be used in advancing to a certain lower level 
fi-om a certain node in die search tree represrated by the record. 

14. A device according to claim 13, characterized in that it comprises 

- a microprocessor (801) 

- a bus (802) coupled to said microprocessor. 
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- a searck tree module (803) coupled to said bus, 

- within the search tree module a memory drcuit (804, 805) and 

- within the search tree module a logic block (806); 

wherein said memoiy circuit comprises, stored therein, the records (400) that 
5 represent the nodes of the search tree, and the logic block (806) is arranged to 
retrieve piimaiy stored records from the memoiy circuit (804, 805) as a response to 
receiving pieces of address information from said microprocessor (801) and to use 
stride lengths based on indicator values read from the primary stored records in 
retrieving secondary stored records from the memoiy circuit (804, 805). 

10 15. A device according to claim 14, characterized in that it comprises within the 
search tree module a first memoiy circuit (804) and a second memoiy circuit (805)^ 
and the logic block (806) is arranged to retrieve primary stored records from the first 
memory circuit (804) as a response to receiving pieces of address information from 
said microprocessor (801) and to use stride lengths based on indicator values read 

15 from the primary stored records in retrieving secondary stored records from the 
second memoiy circuit (805). 

16. A device according to claim 15, characterized in that said bus comprises a 
data bus (802a) and an address bus (802b), and the search tree module comprises 

- an input register (901) and an output register (905) coupled to said data bus, 
20 - an address decoder (902) coupled to said address bus, 

- a coupling from said input register (901) to said first memory circuit, 

- a controller block (904), 

- a coupling from said first memoiy circuit to said controller block (904), 
-a shifter block (903), 

25 - a coupling from said controller block (904) to said shiflter block (903), 

- a coupling from said shifter block (903) to said second memoiy circuit, 

- a coupling from said second memory circuit to said controller block (904), and 

- a coupling from said controller (904) to said output register (905); 
wherein 

30 - said address decoder (902) is arranged to decode an address on said address bus 
and to give a read signal to said input register (901), 

- said input register (901) is arranged to read a piece of address information from 
said data bus as a req^onse to said read signal and to extract a fixed number of bits 
from said address information and to address a first memoiy location withia said 

35 first memoiy circuit with said extracted fixed number of bits. 
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- said controller block (904) is arranged to read a first record firom said first m^ory 
location and to decide, on liie basis of an indicator value wthin said first records 
whether said first record contains a pointer or a piece of information concerning the 
fiirther treatment of a data packet, and to coiq)le records containing a pointer into 

5 said shifter block (903) and pieces of information concerning the further treatment 
of data packets to said output register (905), 

- said shifter block (903) is arranged to extract a certain number of additional bits 
fi'om the piece of address information read into said input register (901), where the 
number of additional bits depends on an indicator value within a record received 

10 fi:om the controller block (904), and to address a second memory location within 
said second memory with a memory address composed of said additional bits and a 
poiater taken firom a record received from the controll^ block, 

- said controller block (904) is further arranged to read a second record fi:om said 
second memory location and to decide, on the basis of an indicator value within said 

15 second record, whether said second record contains a pointer or a piece of 
information concerning the further treatment of a data packet, and 

- said output register (905) is arranged to couple pieces of information concerning 
the further treatment of a data packet and received firom said controller block (904) 
onto said data bus. 

20 17. A router for constructing and using a search tree for retrieving pieces of 
routing information concerning the further treatment of data packets on the basis of 
pieces of address information contained within the packets, comprising 

- a microprocessor (801) 

- a bus (802) coupled to said microprocessor, 

25 - a search tree module (803) coupled to said bus and 

- within the search tree module a memory circuit (804, 805); 
characterized in that the microprocessor is arranged to 

a) group the pieces of routing information into subtree lists so lhat within each 
subtree list the pieces of routing information share a number of equally valued most 

30 significant bits, 

b) represent tiie equally valued most significant bits of the pieces of routing 
information within a subtree list with an inner node of the search tree to be 
constructed, 

c) select a stride length to be appHed in advancing to the next lower level firom the 
35 inner node and 
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d) place (he pieces of routing infonnation vddiin die subtree list into a subtree under 
the inner node, the number of branches in the subtree being determined by the 
selected stride lengdi; 

and that the microprocessor is further arranged to store the selected stride length in 
5 the form of an indicator value into the record that repres wts the inner node within 
the memoiy circuit 
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